) 32 % 3R Acta Phys. Sin. Vol. 74, No. 8 (2025) 084205

ATIHemAE TR RS FE S

EE A D#E T fE R VD#

e 4 V2)1

H 2 @YY

5 A VY

1) (IUPERFHOOLEH N, B 5bEF R R TR0, KE 030006)
2) (ILPER 2R G PR AR L, KB 030006)

(2025 4E 1 H 7 HIR#E; 2025 4F 2 A 11 HUEHERR)

ARSCHEGE T N T ARG 45 Tl S 2 F L F-SSH (Su-Schrieffer-Heeger) #i M6 T fh B fl A 14 2 b 1 .
Je TGN AT O TR R, #oR T N LA X SSH M E RS LT BB i B0 TR B A
SERANTE B AR, 46 B AR 2B S AR BB R RN K, AR SCHE— 2P IE BN TR S I 4 R BO T
IS AR T A Sl A0 E T BB B B B B, Rk, R SN TR R T B T RS R BT U
A RS R 45 5 BE LB R O SR PN, T TR IDE T @Ak BN L IR, AR SO T AL
PET B O T BT = T RO T RS R RS R R p . B S5 RO S NI AR O T

iz IR BRI TR A R A AT ik

KR HOLTFHUN, 82 Iy, #iFh
PACS: 42.50.—p, 85.25.-j, 03.65.Vf
CSTR: 32037.14.aps.74.20250021

1 3

TG 5EER S YA A2 LRI 410
AR ETVE 7 1), JCHAERZOC 5 Y A BAEH]
(BT BT TG A o FH T AT R S L AR
K, B G B R E R TR R AR M &
J ki A BRSO R () SR B A P
X —F KA T A%, Hrp N TR E A
PN T DR L R 1) B B R R %) 1oz
HIseimi gz 08 3 B R e R g, S 1ykiis B
AHARE LR, BN TR MRS T
38 AT AFRP TR ZR Th B R A RN 2% . IR 2
hE TS B A B SR T A T vk

1A E L =/ € P i i A = 2K 8
AT AR 1) T B A UL (1. 2008 4, Zhou A5 ) A

il

DOI: 10.7498/aps.74.20250021

U1 HOGFAE— 401 s Tl T 2 TR
SRS e I Tt S S = R B BUN ik oy i A el
R, AT LS IO B0 T UM B R X AR
RHPZHE T AR T B0 7 O & 7 4 i iF T
F1jkJ2 620 2019 4, Bello 55 P71 it —25 & 8, 4
T T RS SSH (Su-Schrieffer-Heeger) $H$ht
T RS AHELAE I, BN FR N AR 2 A B R
SRS S SR SR T IR, 2021 4F,
Kim 4 29 725080 ACul 7l i T AR R ol
S F RO SSH #HFNRAR IIRR S, W
B FVE R AN HAR S AR T ML A8 AT =
TR XU T AT B T TERET
gk i AL R ERAR, AT R O
A2 5 B T Y SR

XU A AR i1 AR S SSH #ith
HF it RG g AN TR AE A P it T2

* R A RPIFIES TSI H @S 12034012, 12474361) ¥ BRI

RN
t BIE1EH . E-mail: meifeng@sxu.edu.cn
© 2025 FEYIEZS Chinese Physical Society

http://wulixb.iphy.ac.cn

084205-1


http://doi.org/10.7498/aps.74.20250021
https://cstr.cn/32037.14.aps.74.20250021
mailto:meifeng@sxu.edu.cn
mailto:meifeng@sxu.edu.cn
http://wulixb.iphy.ac.cn
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1

) 32 % 3R Acta Phys. Sin. Vol. 74, No. 8 (2025) 084205

ASEERFEAS. FEMFT ST, ASCEEHTEN TG
Gy T B A T LURE-SSH SR MG T s
RA RO HUN. Bk, A T AT
ML IR T A ST LUA-SSH Fid DL 7%
A A TR SRR, I HIE R 4R 0 07 1245 1)
T SRR IR R B A ik s @i pr, Bl
fB7s TN TS IR TR SSH HiFe 1A h
(4 BRSO B 6 A BRI, AR U AR
XHF k= o F1E R B BAT R R FR . 5 LATEAT
FEHE T LURE-SSH $h MG T s R &R R gl
TR B BT B G ANTR] P8, AT e o 3 42 N
THTE T RARAL, BEW 52 BLAE ML AY 506 1
5, GlnAb T 1 REAF AT AT, [FIRE R e Y
ST A B A R UEWT X AR B AT LAAS ORI A
P R, T L T AR PR MR IR X — PR R
ARG T s AR R iR, FfiTid
KB, R ORI S B M = 1 et P S
(T S, SO HIUR B AT o 2 A B AR
e, BEsE e

2 PR

WE 1R, % & —A0 55 1 R A 2
SSH #i4M 7 dihks RGBS, A6 T LI
H 5 B SRR G I 0 ), AR e
F HRR RN S A R . Ak, AT E R L
TS5 X A SR B B P B G5 B I AT —
AN T RS, XA ARSI S h e 258 T
BHIE, BN Chaitali Joshi 2 29 8 i 7 #8 4 1 1L
FERME AR Z AR & PO A BRI, SEB T AR I
ARG, XOARATEIIS AP 5] AN T LY
FARLFEAE T 9250 S 4

AR R Y R T E  An R

H=H,+H, + H,, (1)

Hrp Hy i 55 RIS % i it ;. H, i SSH

AU A& G Hy A S RS SSH

RU'GF ke B AH EAE P S B i . B i LAY
W ] DA RS h

Hy=wo 0™, (2)

Horprw, Bl T AP BUR A [e) FIIEES [g) Z

BRI RE R BIFE; ot = |e) (g| Fl o™ = |g) (e| 730l &

ST LR BTSRRI T B4, SSH b

T kS B S R il LS O

H, = w, Z (alam + blbx)

T

=Y (halb, + Jblasi + He.), (3)

Hrha, (by) &% «IohER AB) Fankssbt+
YT K FAE;, we AIGTdlA% A FI B Ak 1y 6 ¥ 4
2, MLV RIRRL R R G R EE SR Jy = J (14 6) F
Jo=J(1-6), s hRASE. AR, BRI
Fe- RO T as RS B S R T H e, HE
T LR 5O6F A% o = 040 O A P A% R
B TEREH ORI, AH AR S 5 i Al 5 o
T

H = (J.e%a} + Jybl)o™ + He., (4)
Hb J, (Jy) AT A(B) 7 s Z 8] 1 AS
BIRAL; 0 AN TSN

K1 B LR A 2 SSH HFh 6T a A% 1 5 rh i B0
FART s /R B (a) A5 LE e R) B R 30 S0 M P4 1 7
A& (b) RS LU AR IR B 6 2 S0 M 1] A9 5S4 6, 0k
MM THFE S A8 L

Fig. 1. Schematic illustration of single-photon coherent
transport in a system of superconducting qubits coupled to
an SSH topological photonic lattice system: (a) Supercon-
ducting qubit simultaneously coupled to two lattice sites
within the same unit cell; (b) superconducting qubit simul-
taneously coupled to two lattice sites across different unit
cells, 6 is the phase of the applied artificial gauge field.
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Fig. 2. Energy band structure and topological properties of the SSH topological photonic lattice: (a) Schematic diagram of energy

E as a function of k. Other parameters are set to § = 0.2, J=1;

winding, for 6 = 0.2 and § = —0.2.

(b) schematic diagram of the SSH photonic lattice topological
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Fig. 3. Variation of the reflection coefficient R with k and § for different artificial gauge field phases 6 (AB configuration):
(a)-(e) R+ as a function of 6 for a single-photon energy E. ; (f)—(j) R— as a function of 6 for a single-photon energy E_ . Oth-
er parameters are set to A =0, J, = J, = J = 1. Specific values of the artificial gauge field phase 6 are as follows: (a), (f) § = 0;

(b), (8) 0 =mn/4; (c), (h) @ =mn/2;(d), (i) 6=3n/4;(e), (j) O =m.
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Fig. 4. Variation of reflection coefficient R with 6: (a)-(c) R as a function of § for a single photon energy E4 ; (d)-(f) R asa
function of § for a single photon energy E_ . Other parameters are set to A =0, k=n, J, = J, = J = 1. Specific values of the
artificial gauge field phase 6 are as follows: (a), (d) 8 =0; (b), (e) 0 ==n; (c), (f) 0 =n/2.
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Abstract

The mechanism of controlling single-photon scattering in a hybrid system consisting of superconducting
qubits coupled to a Su-Schrieffer-Heeger (SSH) topological photonic lattice is investigated under the influence of
an artificial gauge field. This research is driven by the growing interest in the intersection between quantum
optics and condensed matter physics, particularly in the field of topological quantum optics, where the
robustness of photon transport against defects and impurities can be used for quantum information processing.
To achieve this, a theoretical model, which incorporates the phase of the artificial gauge field into the coupling
between superconducting qubits and the SSH photonic lattice, is developed in this work. The analytical
expressions for the reflection and transmission amplitudes of single photons are derived by using the
probability-amplitude method. The results show that the artificial gauge field can effectively control single
photon scattering in both the upper energy band and the lower energy band of the SSH lattice, thereby
enabling total transmission in the upper band and total reflection in the lower band. This band-dependent
scattering behavior exhibits a high degree of symmetry with respect to the lattice momentum and energy bands.
Importantly, the reflection coefficient can be made independent of the lattice coupling strength and dependent
solely on the topological properties of the lattice. This finding suggests a robust method of detecting topological
invariants in photonic lattices. Furthermore, our analysis is extended to various coupling configurations between
superconducting qubits and the photonic lattice, highlighting the versatility of the artificial gauge field in
manipulating photon transport. These findings not only provide new insights into the control of photon
transport in topological photonic lattices, but also open the door to the development of novel quantum optical
devices and robust quantum information processing platforms.
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